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S1 PBPK Model Building

S1.1 System-Dependent Parameters

Table S1: Relevant enzymes, transporters and binding proteins

Reference concentration [µmol/L]

Protein Relevant model Highest expression Meana GSD

Enzymes
AADAC Rifampicin Liver [1] 1.00b [2] 1.40c

CYP1A2 Fluvoxamine, Mexiletine Liver [3] 1.80 [4] 1.63 [5]
CYP2B6 Carbamazepine Liver [1] 1.56 [4] 1.56 [5]
CYP2C8 Carbamazepine Liver [3] 2.56 [4] 2.05 [5]
CYP2C19 R-/S-Omeprazole Liver [3] 0.76 [4] 1.80 [5]
CYP2D6 Dextromethorphan, Liver [3] 0.40 [4] 2.49 [5]

Fluvoxamine,
R-/S-Metoprolol,
Mexiletine,
Paroxetine

CYP3A4 Carbamazepine, Liver [3] 4.32 [4] 1.18 liver, 1.46 int. [5]
Dextromethorphan, Dextrorphan,
Itraconazole (+ metabolites),
R-/S-Omeprazole,
Paroxetine,
Quinidine, 3-Hydroxyquinidine,
R-/S-Verapamil (+ metabolites)

EPHX1 Carbamazepine 10,11-epoxide Liver [1] 1.00b [2] 1.40c

UGT2B7 Carbamazepine Kidney [6] 2.78 [7] 1.60 [5]
UGT2B15 Dextrorphan Liver [1] 2.48d [8, 9] 1.26 [8]

Transporters
MATE1 Cimetidine Kidney [10, 11] 0.13e [9, 12] 1.53 [12]
OAT3 Cimetidine Kidney [13] 0.09e [9, 12] 1.53 [12]
OATP1B1 Rifampicin Liver [13] 0.07f [14] 1.54 [14]
OCT1 Cimetidine Liver [15] 0.16f [14, 16] 1.50 [16]
P-gp Digoxin, Duodenum mucusa, 1.41g [17] 1.60 [14]

Quinidine, Upper jejunum mucosa,
Rifampicin, Lower jejunum mucosa,
R-/S-Verapamil (+ metabolites) Upper ileum mucosa

Lower ileum mucosa [13]

Binding proteins
ATP1A2 Digoxin Brain [15] 0.48g [17] 1.40c

AADAC: arylacetamide deacetylase, ATP1A2: ATPase Na+/K+ transporting subunit alpha 2, CYP: cytochrome P450, EPHX: epoxide
hydrolase, GSD: geometric standard deviation, int: intestine, MATE: multidrug and toxin extrusion protein, OAT: organic anion
transporter, OATP: organic anion transporting polypeptide, OCT: organic cation transporter, P-gp: P-glycoprotein, UGT: uridine
5’-diphospho-glucuronosyltransferase. a In the tissue of highest expression. b If no information was available, the mean reference
concentration was set to 1.00 µmol/L and the catalytic rate constant was optimized according to [2]. c If no information was available,
a moderate variability of 35% CV was assumed (= 1.40 GSD). d Calculated from protein per mg microsomal protein x 40 mg
microsomal protein per g liver [9]. e Calculated from transporter per mg membrane protein x 26.2 mg human kidney microsomal
protein per g kidney [9]. f Calculated from transporter per mg membrane protein x 37.0 mg membrane protein per g liver [14]. g

Previously optimized by Hanke et al [17].
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Table S2: Expression data of relevant enzymes

AADAC CYP1A2 CYP2B6 CYP2C8 CYP2C19 CYP2D6 CYP3A4 EPHX1 UGT2B7 UGT2B15

Properties
Localization Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular
Half-life liver/intestine [h]a 36/23 39/23 32/23 23/23 26/23 51/23 36/23 [18, 19] 36/23 36/23 36/23

Relative expression in various organs and tissues [%]
Data source RT-PCR [1] RT-PCR [3] RT-PCR [1] RT-PCR [3] RT-PCR [3, 20] RT-PCR [3] RT-PCR [3] RT-PCR [1] EST [6] RT-PCR [1]
Blood Cells 0 0 0 0 0 0 0 1 0 0
Plasma 0 0 0 0 0 0 0 1 0 0
Bone 0 0 0 0 0 0 0 2 0 0
Brain 0 0 0 0 0 1 0 4 8 0
Fat 0 0 0 0 0 0 0 0 0 0
Gonads 0 0 1 1 0 77 0 18 13 0
Heart 0 0 0 0 0 0 0 12 0 0
Kidney 0 0 10 0 0 2 1 15 100 0
Liver Periportal 100 100 100 100 100 100 100 100 23 100
Liver Pericentral 100 100 100 100 100 100 100 100 23 100
Lung 3 0 60 0 0 2 0 14 0 0
Muscle 0 0 0 0 0 0 0 36 0 0
Pancreas 15 0 0 0 0 0 0 10 0 2
Skin 0 0 0 0 0 0 0 0 3 0
Spleen 0 0 0 0 0 0 0 6 0 0
Duodenum mucosa 25 0 7 0 2 9 7 6 4 0
Upper jejunum musoca 25 0 7 0 1 9 7 6 4 0
Lower jejunum mucosa 25 0 7 0 1 9 7 6 4 0
Upper ileum mucosa 25 0 7 0 1 9 7 6 4 0
Lower ileum mucosa 25 0 7 0 1 9 7 6 4 0
Colon ascendens mucosa 0 0 0 0 0 0 0 4 0 0
Colon transversum mucosa 0 0 0 0 0 0 0 4 0 0
Colon descendens mucosa 0 0 0 0 0 0 0 4 0 0
Colon sigmoid mucosa 0 0 0 0 0 0 0 4 0 0
Stomach non-muc. tissue 8 0 0 0 0 0 0 5 13 3
Small intestine non-muc. tissue 25 0 7 0 1 9 7 6 4 0
Large intestine non-muc. tissue 0 0 0 0 0 0 0 4 0 0

AADAC: arylacetamide deacetylase, CYP: cytochrome P450, EPHX: epoxide hydrolase, EST: expressed sequence tag, non-muc.: non-mucosal, RT-PCR: reverse transcription-polymerase chain
reaction measured expression profile, UGT: uridine 5’-diphospho-glucuronosyltransferase. a Information from PK-Sim® expression database.
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Table S3: Expression data of relevant transporters and binding proteins

MATE1 OAT3 OATP1B1 OCT1 P-gp ATP1A2

Properties
Localization Cell membrane Cell membrane Cell membrane Cell membrane Cell membrane Interstitial
Direction Efflux Influx Influx Influx Efflux n.a.
Half-life liver/intestine [h]a n.a./n.a. n.a./n.a. 36/23 36/23 36/23 36/23

Relative expression in various organs and tissues [%]
Data source [10, 11] RT-PCR [13] RT-PCR [13] Array [15] RT-PCR [13, 17] Array [15]
Blood Cells 0 0 0 0 0 0
Plasma 0 0 0 0 0 0
Bone 0 0 0 2 2 1
Brain 0 0 0 1 (blood-brain barrier) 8 (blood-brain barrier) 100
Fat 0 0 0 0 0 0
Gonads 0 0 1 0 2 5
Heart 0 0 0 1 4 32
Kidney 100 (apical) 100 (basolateral) 0 3 (basolateral) 71 (apical) 2
Liver Periportal 0 0 100 (basolateral) 100 (basolateral) 19 (apical) 2
Liver Pericentral 0 0 100 (basolateral) 100 (basolateral) 19 (apical) 2
Lung 0 0 0 1 7 3
Muscle 0 0 0 4 1 70
Pancreas 0 0 0 1 1 1
Skin 0 0 0 1 0 4
Spleen 0 0 0 0 7 1
Duodenum mucosa 0 0 0 2 (apical) 100 (apical) 5
Upper jejunum musoca 0 0 0 2 (apical) 100 (apical) 5
Lower jejunum mucosa 0 0 0 2 (apical) 100 (apical) 5
Upper ileum mucosa 0 0 0 2 (apical) 100 (apical) 5
Lower ileum mucosa 0 0 0 2 (apical) 100 (apical) 5
Colon ascendens mucosa 0 0 0 0 40 (apical) 8
Colon transversum mucosa 0 0 0 0 40 (apical) 8
Colon descendens mucosa 0 0 0 0 40 (apical) 8
Colon sigmoid mucosa 0 0 0 0 40 (apical) 8
Stomach non-mucosal tissue 0 0 0 1 3 3
Small intestine non-mucosal tissue 0 0 0 2 28 5
Large intestine non-mucosal tissue 0 0 0 3 11 8

Array: microarray expression profile, ATP1A2: ATPase Na+/K+ transporting subunit alpha 2, MATE: multidrug and toxin extrusion, protein, n.a.: not applicable, OAT: organic anion
transporter, OATP: organic anion transporting polypeptide, OCT: organic cation transporter, P-gp: P-glycoprotein, RT-PCR: reverse transcription-polymerase chain reaction measured
expression profile. a Information from PK-Sim® expression database.
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S1.2 Michaelis-Menten Kinetics

v =
vmax ∗ [S]
KM +[S]

=
kcat ∗ [E]∗ [S]

KM +[S]
(S1)

v = reaction velocity, vmax = maximum reaction velocity, [S] = free substrate concentration, KM = Michaelis-Menten
constant, kcat = catalytic or transporter rate constant and [E] = enzyme concentration.
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S1.3 Quinidine – Clinical studies

Table S4: Clinical study data used for quinidine model development

Quinidine administration

Dose salt [mg] Dose base [mg] Route n Populationa Fem. [%] Age [years] Weight [kg] BMI [kg/m²] Molecule Dataset Reference

260.3b 162.2 s.d. iv 60 min inf 7 European [21] - - - - QUI te Fremstad 1979 [22]
300b 187.5 s.d. iv 30 min inf 9 American [23] 0 28.6 (22-37) 68.4 - QUI te Darbar 1997c [24]
300b 187.5 s.d. iv 30 min inf 9 American [23] 0 28.6 (22-37) 71.5 - QUI te Darbar 1997d [24]
6/kgb 3.74/kg s.d. iv 25 min inf 1 American [23] 0 32 82 - QUI te Guentert 1979 [25]
6/kgb 3.74/kg s.d. iv 25 min inf 1 American [23] 0 23 70.4 - QUI te Guentert 1979 [25]
6/kgb 3.74/kg s.d. iv 25 min inf 1 American [23] 0 23 72.2 - QUI te Guentert 1979 [25]

6.42/kgb 4.00/kg s.d. iv 20 min inf 12 Asian [26] 0 22.1 66.5 - QUI te Shin 2007 [27]
6.42/kgb 4.00/kg s.d. iv 20 min inf 7 American [23] 0 26.2 69.8 - QUI te Shin 2007 [27]
6.42/kgb 4.00/kg s.d. iv 20 min inf 12 Asian [26] 100 22.7 53.4 - QUI te Shin 2007 [27]
6.42/kgb 4.00/kg s.d. iv 20 min inf 6 American [23] 100 27.7 60.7 - QUI te Shin 2007 [27]

481.4b 300 s.d. iv 15 min inf 1 European [21] 0 27 60 - QUI, QUB tr Ochs 1980 [28]
481.4b 300 s.d. iv 15 min inf 1 European [21] 0 23 80 - QUI, QUB tr Ochs 1980 [28]
520.6b 324.4 s.d. iv 60 min inf 6 European [21] - - - - QUI te Fremstad 1979 [22]

0.1e 0.08 s.d. po sol 7 Japanese [29] 0 27 - 21.8 QUI, OHQ tr Maeda 2011 [30]
1e 0.83 s.d. po sol 7 Japanese [29] 0 27 - 21.8 QUI, OHQ tr Maeda 2011 [30]

10e 8.29 s.d. po sol 7 Japanese [29] 0 27 - 21.8 QUI, OHQ tr Maeda 2011 [30]
100e 82.87 s.d. po sol 7 Japanese [29] 0 27 - 21.8 QUI, OHQ tr Maeda 2011 [30]
100e 82.87 s.d. po tab 9 European [21] 56 25 (21-32) 64 (41-80) - QUI te Kaukonen 1997 [31]
200e 165.7 s.d. po cap 10 European [21] 0 (21-26) (62-85) (19-26) QUI, OHQ tr Andreasen 2007 [32]
200e 165.7 s.d. po tab 6 European [21] 0 - - - QUI, OHQ te Damkier 1999 [33]
200e 165.7 s.d. po tab 6 European [21] 0 - - - QUI, OHQ te Damkier 1999a [34]
200e 165.7 s.d. po tab 12 European [21] 0 24 (19-37) 75 (65-101) - QUI te Laganière 1996 [35]
200e 165.7 s.d. po sol 13 American [23] 11 (22-40) - - QUI te Mason 1976 [36]
200e 165.7 s.d. po cap 13 American [23] 11 (22-40) - - QUI te Mason 1976 [36]
200e 165.7 s.d. po tab 13 American [23] 11 (22-40) - - QUI te Mason 1976 [36]
250e 207.2 s.d. po cap 8 European [21] 0 (18-26) (48-62) (162.5-180)f QUI te Rao 1995 [37]
400e 331.5 s.d. po tab 8 European [21] 0 (22-34) - - QUI te Bleske 1990 [38]
400e 331.5 s.d. po tab 8 European [21] 0 (22-29) (60-94) - QUI, OHQ te Ching 1991 [39]
400e 331.5 s.d. po tab 6 European [21] 0 (23-34) - - QUI te Edwards 1987 [40]
400e 331.5 s.d. po tab 6 American [23] 0 (25-38) - - QUI te Hardy 1983 [41]
400e 331.5 s.d. po tab 9 American [23] 0 (21-35) - - QUI te Kolb 1984 [42]
400e 331.5 s.d. po tab 7 European [21] 43 28.9 (27-31) 68.4 (57.7-79.5) - QUI te Ochs 1978 [43]
400e 331.5 s.d. po tab 11 American [23] 0 (20-37) - - - te Strum 1977g [44]
600e 497.2 s.d. po tab 9 American [23] 0 28.6 (22-27) 68.4 - QUI tr/te Darbar 1997c [24]
600e 497.2 s.d. po tab 9 American [23] 0 28.6 (22-37) 71.5 - QUI te Darbar 1997d [24]
600e 497.2 s.d. po tab 8 European [21] 0 26.4 (23-37)) 67.1 (60-76) 1.74 (1.60-1.83)f QUI te Frigo 1977 [45]

BMI: body mass index, calc: calculated, cap: capsule, fem: females, inf: infusion, iv: intravenous, n: number of study participants, OHQ: 3-hydroxyquinidine, po: oral, q.i.d.: four times daily, QUB: quinidine
unbound, QUI: quinidine, s.d.: single dose, sol: solution, tab: tablet, te: test dataset, t.i.d.: three times daily, tr: training dataset, -: not available. Values are given as mean (range). Respective doses of
quinidine base were calculated and incorporated in simulations. a Population used in simulations. b Quinidine glucunate dose. c Low-salt diet. d High-salt diet. e Quinidine sulfate dose. f Height of subjects
[cm]. g Administration of four immediate-release formulations (Treatment A-D).
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Table S4: Clinical study data used for quinidine model development (continued)

Quinidine administration

Dose salt [mg] Dose base [mg] Route n Populationa Fem. [%] Age [years] Weight [kg] BMI [kg/m²] Molecule Dataset Reference
200e 165.7 t.i.d. po tab 5 European [21] 0 (26-33) 73.4 (62-90) QUI te Bolme 1977 [46]
300e 248.6 t.i.d. po tab 5 European [21] 0 (26-33) 73.4 (62-90) - QUI te Bolme 1977 [46]
400e 331.5 t.i.d. po tab 3 European [21] 0 (26-33) 68 (62-75) - QUI te Bolme 1977 [46]

400 + 200e 331.5 +165.7 s.d. + q.i.d. po tab 7 European [21] 43 28.9 (27-31) 68.4 (57.7-79.5) - QUI tr Ochs 1978 [43]
BMI: body mass index, calc: calculated, cap: capsule, fem: females, inf: infusion, iv: intravenous, n: number of study participants, OHQ: 3-hydroxyquinidine, po: oral, q.i.d.: four times daily, QUB: quinidine
unbound, QUI: quinidine, s.d.: single dose, sol: solution, tab: tablet, te: test dataset, t.i.d.: three times daily, tr: training dataset, -: not available. Values are given as mean (range). Respective doses of
quinidine base were calculated and incorporated in simulations. a Population used in simulations. b Quinidine glucunate dose. c Low-salt diet. d High-salt diet. e Quinidine sulfate dose. f Height of subjects
[cm]. g Administration of four immediate-release formulations (Treatment A-D).
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S1.4 Quinidine – Drug-dependent parameters

Table S5: Drug-dependent parameters of the quinidine model

Quinidine 3-Hydoxyquinidine

Parameter Value or 95% CIa Source Literature Value or 95% CIa Source Literature Description
MW [g/mol] 324.42 Lit. 324.42 [47, 48] 340.42 Lit. 340.42 [47, 49] Molecular weight of quinidine base
pKa (base 1) 4.02 Lit. 4.02 [50] 4.03 Lit. 4.03 [51] Acid dissociation constant
pKa (base 2) 9.05 Lit. 9.05 [47, 48] 8.63 Lit. 8.63 [47, 49] Acid dissociation constant
pKa (acid) 13.89 Lit. 13.89 [47, 48] 13.55 Lit. 13.55 [47, 49] Acid dissociation constant
Solubility (pH 7.0) [g/L] 11.11 Lit. 11.11 (quinidine sulfate) [52] 12.57 Lit. 12.57 [51] Solubility
Lipophilicity 2.51 Lit. 2.51 (logP) [47, 48] 1.66 Lit. 1.66 (logP) [51] Lipophilicity
fu,p [%] 21 Lit. 21b [53] 31 Lit. 31b [53] Fraction unbound plasma
P-gp KM [µmol/L] 0.23 Lit. 0.23 [54] - - - Michaelis-Menten constant
P-gp kcat [1/min] 0.77 ± 0.08 Opt. - - - - Transport rate constant
CYP3A4 (QUI → OHQ) KM [µmol/L] 51.8 Lit. 74.0 × 0.70c [55, 56] - - - Michaelis-Menten constant
CYP3A4 (QUI → OHQ) kcat [1/min] 2.21 ± 1.02 Opt. - - - - Catalytic rate constant
CYP3A4 (QUI → sink) KM [µmol/L] 65.03 Lit. 92.9 × 0.70c [55, 56] - - - Michaelis-Menten constant
CYP3A4 (QUI → sink) kcat [1/min] 3.84 ± 1.39 Opt. - - - - Catalytic rate constant
CYP3A4 CL [1/min] - - - 0.08 ± 0.06 Opt. - First-order clearance
CLhep [1/min] - - - 0.45 ± 0.39 Opt. - Hepatic metabolic clearance
GFR fraction 1 Asm. - 1 Asm. - Fraction of filtered drug in the urine
EHC continuous fraction 1 Asm. - 1 Asm. - Fraction of bile continually released
P-gp Ki [µmol/L] 0.10 Lit. 0.10 [57] - - - Conc. for 50% inhibition (comp.)
CYP2D6 Ki [µmol/L] 0.017 Lit. 0.017d [58] 2.30 Lit. 2.30 [59] Conc. for 50% inhibition (comp.)
Partition coefficients Diverse Calc. Berezhkovskiy [60] Diverse Calc. Berezhkovskiy [60] Cell to plasma partition coefficients
Cell. perm. [cm/min] 7.99 · 10-3 Calc. PK-Sim [61] 8.45 · 10-4 Calc. PK-Sim [61] Permeability into the cellular space
Intest. perm. [cm/min] 6.47 · 10-6 ± 5.78 · 10-7 Opt. 2.59 · 10-5 (calc.) 2.94 · 10-6 Calc 2.94 · 10-6 Transcellular intestinal permeability
Formulation Weibulle Lit. [62, 63] - - - Formulation used in predictions
asm.: assumed, Berezhkovskiy: Berezhkovskiy calculation method, calc.: calculated, cell.: cellular, CI: confidence interval, CL: clearance, comp.: competitive, conc.: concentration, CYP: cytochrome P450,
EHC: enterohepatic circulation, GFR: glomerular filtration rate, intest.: intestinal, lit.: literature, OHQ: 3-hydroxyquinidine, opt.: optimized, P-gp: P-glycoprotein, PK-Sim: PK-Sim standard calculation method,
QUI: quinidine, -: not implemented/not available. a 95% confidence interval calculated for optimized parameters, b Calculated with fu,p predictor [53]. c Reported KM values adjusted for fraction unbound in the
incubation (fuinc) = 70% (calculated) [56]. d Estimated in vivo Ki value reported [58]. e Weibull function [64] with a dissolution time of 8.76 min (50% dissolved) and a dissolution shape of 0.42 for immediate
release quinidine sulfate formulations (calculated with DDSolver) [62, 63].
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S2 Quinidine – PBPK Model Evaluation

S2.1 Plasma concentration-time profiles (semilogarithmic representation)
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Figure S1: Quinidine plasma concentration-time profiles (semilogarithmic representation). Population predicted geometric
means and individual predictions are shown as lines, corresponding geometric standard deviations are shown as shaded
areas and observed data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if
reported). Doses indicate quinidine gluconate administration. Respective doses of quinidine base were calculated and
incorporated in simulations. iv: intravenous, n: number of study participants,s.d.: single dose.
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Figure S2: Quinidine plasma concentration-time profiles (semilogarithmic representation). Population predicted geometric
means and individual predictions are shown as lines, corresponding geometric standard deviations are shown as shaded
areas and observed data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if
reported). Doses indicate (a–d) quinidine gluconate and (e–i) quinidine sulfate administration. Respective doses of
quinidine base were calculated and incorporated in simulations. iv: intravenous, n: number of study participants, po: oral,
s.d.: single dose.
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Figure S3: Quinidine plasma concentration-time profiles (semilogarithmic representation). Population predicted geometric
means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed
data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported). Doses indicate
quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in simulations. n:
number of study participants, po: oral, s.d.: single dose.
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Figure S4: Quinidine plasma concentration-time profiles (semilogarithmic representation). Population predicted geometric
means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed
data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported). Doses indicate
quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in simulations. n:
number of study participants, po: oral, s.d.: single dose.
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Figure S5: Quinidine plasma concentration-time profiles (semilogarithmic representation). Population predicted geometric
means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed
data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported). Doses indicate
quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in simulations. n:
number of study participants, po: oral, q.i.d.: four times daily, s.d.: single dose, t.i.d.: three times daily.
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S2.2 Amount excreted unchanged in urine profiles (semilogarithmic representation)
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Figure S6: Quinidine amount excreted unchanged in urine profiles (semilogarithmic representation). Population predicted
geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and
observed data are shown as dots (training dataset) and triangles (test dataset). Doses indicate (a–b) quinidine gluconate
and (c–i) quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in
simulations. iv: intravenous, n: number of study participants, po: oral, s.d.: single dose.
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(a)

Quinidine − po, 600 mg, s.d.
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Figure S7: Quinidine amount excreted unchanged in urine profiles (semilogarithmic representation). Population predicted
geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and
observed data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported).
Doses indicate quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in
simulations. n: number of study participants, po: oral, q.i.d.: four times daily, s.d.: single dose.
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S2.3 Plasma concentration-time profiles (linear representation)
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Figure S8: Quinidine plasma concentration-time profiles (linear representation). Population predicted geometric means
and individual predictions are shown as lines, corresponding geometric standard deviations are shown as shaded areas
and observed data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported).
Doses indicate quinidine gluconate administration. Respective doses of quinidine base were calculated and incorporated
in simulations. iv: intravenous, n: number of study participants, s.d.: single dose.

16



(a)

0
10

00
20

00
30

00
40

00
50

00
Quinidine − iv, 4 mg/kg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 3 6 9 12 15

Quinidine
n = 6 − Shin 2007

(b)

0
10

00
20

00
30

00
40

00
50

00
60

00

Quinidine − iv, 481.4 mg, s.d.

Time [h]
P

la
sm

a 
co

nc
en

tr
at

io
n 

 [n
g/

m
L]

0 12 24 36 48

Quinidine
Quinidine (unbound)
n = 1 − Ochs 1980

(c)

0
20

00
40

00
60

00

Quinidine − iv, 481.4 mg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 12 24 36 48

Quinidine
Quinidine (unbound)
n = 1 − Ochs 1980

(d)

0
10

00
20

00
30

00
40

00

Quinidine − iv, 520.6 mg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 12 24 36 48

Quinidine
n = 7 − Fremstad 1979

(e)
0.

00
0.

05
0.

10
0.

15

Quinidine − po, 0.1 mg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 3 6 9 12 15

3−Hydroxyquinidine
Quinidine
n = 7 − Maeda 2011

(f)

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

Quinidine − po, 1 mg, s.d.

Time [h]
P

la
sm

a 
co

nc
en

tr
at

io
n 

 [n
g/

m
L]

0 3 6 9 12 15

3−Hydroxyquinidine
Quinidine
n = 7 − Maeda 2011

(g)

0
10

20
30

40

Quinidine − po, 10 mg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 3 6 9 12 15

3−Hydroxyquinidine
Quinidine
n = 7 − Maeda 2011

(h)

0
10

0
20

0
30

0
40

0
50

0
60

0

Quinidine − po, 100 mg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 3 6 9 12 15

3−Hydroxyquinidine
Quinidine
n = 7 − Maeda 2011

(i)
0

50
10

0
15

0
20

0
25

0

Quinidine − po, 100 mg, s.d.

Time [h]

P
la

sm
a 

co
nc

en
tr

at
io

n 
 [n

g/
m

L]

0 6 12 18 24

Quinidine
n = 9 − Kaukonen 1997

Figure S9: Quinidine plasma concentration-time profiles (linear representation). Population predicted geometric means
and individual predictions are shown as lines, corresponding geometric standard deviations are shown as shaded areas
and observed data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported).
Doses indicate (a–d) quinidine gluconate and (e–i) quinidine sulfate administration. Respective doses of quinidine base
were calculated and incorporated in simulations. iv: intravenous, n: number of study participants, po: oral, s.d.: single
dose.
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Figure S10: Quinidine plasma concentration-time profiles (linear representation). Population predicted geometric means
are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed data are
shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported). Respective doses of
quinidine base were calculated and incorporated in simulations. n: number of study participants, po: oral, s.d.: single
dose.
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Figure S11: Quinidine plasma concentration-time profiles (linear representation). Population predicted geometric means
are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed data are
shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported). Respective doses of
quinidine base were calculated and incorporated in simulations. n: number of study participants, po: oral, s.d.: single
dose.
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Figure S12: Quinidine plasma concentration-time profiles (linear representation). Population predicted geometric means
are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed data are
shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported). Respective doses of
quinidine base were calculated and incorporated in simulations. n: number of study participants, po: oral, q.i.d.: four
times daily, s.d.: single dose.
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S2.4 Amount excreted unchanged in urine profiles (linear representation)
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Figure S13: Quinidine amount excreted unchanged in urine profiles (linear representation). Population predicted
geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and
observed data are shown as dots (training dataset) and triangles (test dataset). Doses indicate (a–b) quinidine gluconate
and (c–i) quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in
simulations. iv: intravenous, n: number of study participants, po: oral, s.d.: single dose.
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Figure S14: Quinidine amount excreted unchanged in urine profiles (linear representation). Population predicted
geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and
observed data are shown as dots (training dataset) and triangles (test dataset) (± standard deviation, if reported).
Doses indicate quinidine sulfate administration. Respective doses of quinidine base were calculated and incorporated in
simulations. n: number of study participants, po: oral, q.i.d.: four times daily, s.d.: single dose.
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S2.5 Predicted compared to observed concentrations

(a) Plasma concentrations training dataset

Observed concentration [ng mL]

P
re

di
ct

ed
 c

on
ce

nt
ra

tio
n 

[n
g

m
L]

10−3 10−2 10−1 100 101 102 103 104

10−3

10−2

10−1

100

101

102

103

104
Quinidine
Quinidine (unbound)
3−Hydroxyquinidine

(b) Plasma concentrations test dataset
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Figure S15: Goodness-of-fit plots comparing predicted and observed plasma concentration values. The solid line marks
the line of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation.
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S2.6 Mean relative deviation of plasma concentration predictions

Table S6: MRD values of quinidine plasma concentration predictions

Quinidine administration

Dose salt [mg] Dose base [mg] Route Molecule Dataset MRD Reference

Quinidine
260.3a 162.2 s.d. iv 60 min inf QUI te 1.48 Fremstad 1979 [22]

300a 187.5 s.d. iv 30 min inf QUI te 2.05 Darbar 1997b [24]
300a 187.5 s.d. iv 30 min inf QUI te 1.83 Darbar 1997c [24]
6/kga 3.74/kg s.d. iv 25 min inf QUI te 1.37 Guentert 1979 [25]
6/kga 3.74/kg s.d. iv 25 min inf QUI te 1.32 Guentert 1979 [25]
6/kga 3.74/kg s.d. iv 25 min inf QUI te 1.81 Guentert 1979 [25]

6.42/kga 4.00/kg s.d. iv 20 min inf QUI te 1.42 Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf QUI te 1.24 Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf QUI te 1.56 Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf QUI te 1.38 Shin 2007 [27]

481.4a 300 s.d. iv 15 min inf QUI tr 1.40 Ochs 1980 [28]
481.4a 300 s.d. iv 15 min inf QUI tr 1.59 Ochs 1980 [28]
520.6a 324.4 s.d. iv 60 min inf QUI te 1.42 Fremstad 1979 [22]

0.1d 0.08 s.d. po sol QUI tr 2.33 Maeda 2011 [30]
1d 0.83 s.d. po sol QUI tr 1.79 Maeda 2011 [30]

10d 8.29 s.d. po sol QUI tr 1.56 Maeda 2011 [30]
100d 82.87 s.d. po sol QUI tr 1.49 Maeda 2011 [30]
100d 82.87 s.d. po tab QUI te 1.28 Kaukonen 1997 [31]
200d 165.7 s.d. po cap QUI tr 1.21 Andreasen 2007 [32]
200d 165.7 s.d. po tab QUI te 1.27 Damkier 1999 [33]
200d 165.7 s.d. po tab QUI te 1.18 Damkier 1999a [34]
200d 165.7 s.d. po tab QUI te 1.49 Laganière 1996 [35]
200d 165.7 s.d. po sol QUI te 1.30 Mason 1976 [36]
200d 165.7 s.d. po cap QUI te 1.43 Mason 1976 [36]
200d 165.7 s.d. po tab QUI te 1.85 Mason 1976 [36]
250d 207.2 s.d. po cap QUI te 2.29 Rao 1995 [37]
400d 331.5 s.d. po tab QUI te 1.44 Bleske 1990 [38]
400d 331.5 s.d. po tab QUI te 1.49 Ching 1991 [39]
400d 331.5 s.d. po tab QUI te 1.73 Edwards 1987 [40]
400d 331.5 s.d. po tab QUI te 1.86 Hardy 1983 [41]
400d 331.5 s.d. po tab QUI te 2.12 Kolb 1984 [42]
400d 331.5 s.d. po tab QUI te 1.47 Ochs 1978 [43]
400d 331.5 s.d. po tab QUI tr 1.33 Strum 1977 (A) [44]
400d 331.5 s.d. po tab QUI tr 1.28 Strum 1977 (B) [44]
400d 331.5 s.d. po tab QUI te 1.33 Strum 1977 (C) [44]
400d 331.5 s.d. po tab QUI te 1.29 Strum 1977 (D) [44]
600d 497.2 s.d. po tab QUI te 1.90 Darbar 1997b [24]
600d 497.2 s.d. po tab QUI te 1.50 Darbar 1997c [24]
600d 497.2 s.d. po tab QUI te 1.28 Frigo 1977 [45]
200d 165.7 t.i.d. po tab QUI te 1.07 Bolme 1977 [46]
300d 248.6 t.i.d. po tab QUI te 1.12 Bolme 1977 [46]
400d 331.5 t.i.d. po tab QUI te 1.09 Bolme 1977 [46]

400 + 200d 331.5 + 165.7 s.d. + q.i.d. po tab QUI tr 1.28 Ochs 1978 [43]
Mean QUI MRD training dataset (range): 1.53 (1.21 – 2.33), 9/10 with MRD ≤ 2
Mean QUI MRD test dataset (range): 1.51 (1.07 – 2.29), 30/33 with MRD ≤ 2
Overall QUI MRD (range): 1.51 (1.07 – 2.33), 39/43 with MRD ≤ 2
cap: capsule, inf: infusion, iv: intravenous, MRD: mean relative deviation, OHQ: 3-hydroxyquinidine, po: oral, q.i.d.:
four times daily, QUB: quinidine unbound, QUI: quinidine, s.d.: single dose, sol: solution, tab: tablet, te: test dataset,
t.i.d.: three times daily, tr: training dataset. Respective doses of quinidine base were calculated and incorporated in
simulations. a Quinidine gluconate dose. b Low-salt diet. c High-salt diet. d Quinidine sulfate dose.
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Table S6: MRD values of quinidine plasma concentration predictions (continued)

Quinidine administration

Dose salt [mg] Dose base [mg] Route Molecule Dataset MRD Reference

Quinidine (unbound)
481.4a 300 s.d. iv 15 min inf QUB tr Ochs 1980 [28]
481.4a 300 s.d. iv 15 min inf QUB tr Ochs 1980 [28]

Mean QUB MRD (range): 1.27 (1.12 – 1.41), 2/2 with MRD ≤ 2

3-Hydroxyquinidine
0.1b 0.08 s.d. po sol OHQ tr 1.76 Maeda 2011 [30]

1d 0.83 s.d. po sol OHQ tr 1.65 Maeda 2011 [30]
10d 8.29 s.d. po sol OHQ tr 1.65 Maeda 2011 [30]

100d 82.87 s.d. po sol OHQ tr 1.65 Maeda 2011 [30]
200d 82.87 s.d. po cap OHQ tr 1.50 Andreasen 2007 [32]
200d 82.87 s.d. po tab OHQ te 1.75 Damkier 1999 [33]
200d 82.87 s.d. po tab OHQ te 1.55 Damkier 1999a [34]
400d 331.5 s.d. po tab OHQ te 1.75 Ching 1991 [39]

Mean OHQ MRD training dataset (range): 1.62 (1.50 – 1.76), 5/5 with MRD ≤ 2
Mean OHQ MRD test dataset (range): 1.68 (1.55 – 1.75), 3/3 with MRD ≤ 2
Overall OHQ MRD (range): 1.64 (1.50 – 1.76), 8/8 with MRD ≤ 2
Overall MRD training dataset (range): 1.52 (1.12 – 2.33), 16/17 with MRD ≤ 2
Overall MRD test dataset (range): 1.52 (1.07 – 2.29), 33/36 with MRD ≤ 2
Overall MRD (range): 1.52 (1.07 – 2.33), 49/53 with MRD ≤ 2
cap: capsule, inf: infusion, iv: intravenous, MRD: mean relative deviation, OHQ: 3-hydroxyquinidine, po: oral, q.i.d.:
four times daily, QUB: quinidine unbound, QUI: quinidine, s.d.: single dose, sol: solution, tab: tablet, te: test dataset,
t.i.d.: three times daily, tr: training dataset. Respective doses of quinidine base were calculated and incorporated in
simulations. a Quinidine gluconate dose. b Low-salt diet. c High-salt diet. d Quinidine sulfate dose.
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S2.7 Predicted compared to observed AUClast and Cmax values

(a) AUClast training dataset
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(b) AUClast test dataset
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(c) Cmax training dataset
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(d) Cmax test dataset
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Figure S16: Goodness-of-fit plots comparing predicted and observed AUClast and Cmax values. The solid line marks the
line of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation. AUClast: area under the plasma
concentration-time curve calculated between the first and last concentration measurement, Cmax: maximum plasma
concentration.
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S2.8 Geometric mean fold errors of predicted AUClast and Cmax values

Table S7: Predicted and observed quinidine AUClast and Cmax values

Quinidine administration AUClast Cmax

Dose salt [mg] Dose base [mg] Route tlast [h] Pred [ng*h/mL] Obs [ng*h/mL] Pred/Obs Pred [ng/mL] Obs [ng/mL] Pred/Obs Molecule Dataset Reference

Quinidine
260.3a 162.2 s.d. iv 60 min inf 24 6554.71 9263.44 0.71 1626.43 1116.94 1.46 QUI te Fremstad 1979 [22]

300a 187.5 s.d. iv 30 min inf 28 8445.88 13853.58 0.61 2892.69 1909.17 1.52 QUI te Darbar 1997b [24]
300a 187.5 s.d. iv 30 min inf 28 8265.50 11985.68 0.96 2794.84 1493.54 1.87 QUI te Darbar 1997c [24]
6/kga 3.74/kg s.d. iv 25 min inf 24 13513.46 18270.86 0.74 4613.41 3940.06 1.17 QUI te Guentert 1979 [25]
6/kga 3.74/kg s.d. iv 25 min inf 24 13502.09 16073.67 0.84 4447.58 4601.00 0.97 QUI te Guentert 1979 [25]
6/kga 3.74/kg s.d. iv 25 min inf 24 13715.93 23533.78 0.58 4470.83 4461.40 1.00 QUI te Guentert 1979 [25]

6.42/kga 4.00/kg s.d. iv 20 min inf 12 11820.90 10039.30 1.18 5497.46 2512.40 2.19 QUI te Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf 12 11235.57 12146.47 0.93 5384.97 3399.50 1.58 QUI te Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf 12 10488.80 10356.78 1.01 5302.10 2315.80 2.29 QUI te Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf 12 10277.00 10002.75 1.03 5245.17 2564.50 2.05 QUI te Shin 2007 [27]

481.4a 300 s.d. iv 15 min inf 38 14741.64 21152.33 0.70 - - - QUI tr Ochs 1980 [28]
481.4a 300 s.d. iv 15 min inf 36 15818.56 21417.30 0.74 - - - QUI tr Ochs 1980 [28]
520.6a 324.4 s.d. iv 60 min inf 24 15437.76 20807.88 0.74 3340.12 2108.70 1.58 QUI te Fremstad 1979 [22]

0.1d 0.08 s.d. po sol 12 0.48 0.60 0.81 0.07 0.08 0.89 QUI tr Maeda 2011 [30]
1d 0.83 s.d. po sol 12 6.14 7.01 0.88 1.07 0.91 1.18 QUI tr Maeda 2011 [30]

10d 8.29 s.d. po sol 12 131.72 118.68 1.11 30.29 16.75 1.81 QUI tr Maeda 2011 [30]
100d 82.87 s.d. po sol 12 2090.94 1488.69 1.40 433.41 235.06 1.84 QUI tr Maeda 2011 [30]
100d 82.87 s.d. po tab 24 2201.88 1994.05 1.10 152.36 161.66 0.94 QUI te Kaukonen 1997 [31]
200d 165.7 s.d. po cap 24 5360.72 6367.26 0.84 625.51 891.66 0.70 QUI tr Andreasen 2007 [32]
200d 165.7 s.d. po tab 24 4991.73 5248.11 0.95 618.73 561.00 1.10 QUI te Damkier 1999 [33]
200d 165.7 s.d. po tab 24 4991.74 5814.42 0.86 618.73 616.40 1.00 QUI te Damkier 1999a [34]
200d 165.7 s.d. po tab 26 5529.71 6884.07 0.80 615.87 736.73 0.84 QUI te Laganière 1996 [35]
200d 165.7 s.d. po sol 24 5057.62 5002.61 1.01 743.71 650.10 1.14 QUI te Mason 1976 [36]
200d 165.7 s.d. po cap 24 4755.30 6002.45 0.79 566.99 616.57 0.92 QUI te Mason 1976 [36]
200d 165.7 s.d. po tab 24 4774.21 5002.61 0.95 566.99 650.10 0.87 QUI te Mason 1976 [36]
250d 207.2 s.d. po cap 30 9063.63 20629.28 0.48 1076.40 2061.28 0.52 QUI te Rao 1995 [37]
400d 331.5 s.d. po tab 24 12181.74 14392.00 0.85 1372.09 1398.30 0.98 QUI te Bleske 1990 [38]
400d 331.5 s.d. po tab 48 13381.59 15453.90 0.87 1271.53 1486.31 0.86 QUI te Ching 1991 [39]
400d 331.5 s.d. po tab 12 8759.10 13634.29 0.64 1359.68 2046.99 0.66 QUI te Edwards 1987 [40]
400d 331.5 s.d. po tab 12 7831.41 10096.53 0.78 1214.62 1343.16 0.90 QUI te Hardy 1983 [41]
400d 331.5 s.d. po tab 9 6486.18 9100.55 0.71 1214.56 1629.89 0.75 QUI te Kolb 1984 [42]
400d 331.5 s.d. po tab 30 13958.36 16286.56 0.86 1676.78 1679.06 1.00 QUI te Ochs 1978 [43]
400d 331.5 s.d. po tab 32 12395.93 13954.84 0.89 1234.30 1317.65 0.94 QUI tr Strum 1977 (A) [44]
400d 331.5 s.d. po tab 32 12395.93 15040.31 0.82 1234.30 1383.33 0.89 QUI tr Strum 1977 (B) [44]
400d 331.5 s.d. po tab 32 12395.93 14253.64 0.87 1234.30 1386.25 0.89 QUI te Strum 1977 (C) [44]
400d 331.5 s.d. po tab 32 12395.93 13617.59 0.91 1234.30 1322.02 0.93 QUI te Strum 1977 (D) [44]
600d 497.2 s.d. po tab 28 21298.05 27000.85 0.79 2190.62 2297.91 0.95 QUI te Darbar 1997b [24]
600d 497.2 s.d. po tab 28 20762.60 23458.79 0.89 2099.90 1802.24 1.17 QUI te Darbar 1997c [24]
600d 497.2 s.d. po tab 24 21174.82 26466.89 0.80 2243.14 2193.19 1.02 QUI te Frigo 1977 [45]
200d 165.7 t.i.d. po tab 8 7608.27 7615.63 1.00 1292.21 1345.63 0.96 QUI te Bolme 1977 [46]
300d 248.6 t.i.d. po tab 8 12648.11 14391.95 0.88 2103.04 2354.96 0.89 QUI te Bolme 1977 [46]
400d 331.5 t.i.d. po tab 8 18276.65 19912.52 0.92 3033.61 3301.62 0.92 QUI te Bolme 1977 [46]

400 + 200d 331.5 + 165.7 s.d. + q.i.d. po tab 72 20002.91 19396.58 1.03 1650.11 1714.69 0.96 QUI tr Ochs 1978 [43]
Mean QUI GMFE training dataset (range): 1.22 (1.03 – 1.43), 10/10 with GMFE ≤ 2 1.33 (1.04 – 1.84), 8/8 with GMFE ≤ 2
Mean QUI GMFE test dataset (range): 1.26 (1.00 – 2.28), 32/33 with GMFE ≤ 2 1.31 (1.00 – 2.29), 30/33 with GMFE ≤ 2
Overall QUI GMFE (range): 1.25 (1.00 – 2.28), 42/43 with GMFE ≤ 2 1.31 (1.00 – 2.29), 38/41 with GMFE ≤ 2
AUClast: area under the plasma concentration-time curve calculated between the first and last concentration measurement, cap: capsule, Cmax: maximum plasma concentration, GMFE: geometric mean fold error, inf: infusion, iv:
intravenous, obs: observed, OHQ: 3-hydroxyquinidine, po: oral, q.i.d.: four times daily, QUB: quinidine unbound, QUI: quinidine, s.d.: single dose, tab: tablet, te: test dataset, t.i.d.: three times daily, tlast: time of the last concentration
measurement, tr: training dataset, -: not available. Respective doses of quinidine base were calculated and incorporated in simulations. a Quinidine gluconate dose. b Low-salt diet. c High-salt diet. d Quinidine sulfate dose.
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Table S7: Predicted and observed quinidine AUClast and Cmax values (continued)

Quinidine administration AUClast Cmax

Dose salt [mg] Dose base [mg] Route tlast [h] Pred [ng*h/mL] Obs [ng*h/mL] Pred/Obs Pred [ng/mL] Obs [ng/mL] Pred/Obs Molecule Dataset Reference

Quinidine (unbound)
481.4a 300 s.d. iv 15 min inf 24 2853.55 3956.09 0.72 - - - QUB tr Ochs 1980 [28]
481.4a 300 s.d. iv 15 min inf 12 2577.23 2748.57 0.94 - - - QUB tr Ochs 1980 [28]

Mean QUB GMFE (range): 1.23 (1.07 – 1.39), 2/2 with GMFE ≤ 2 -

3-Hydroxyquinidine
0.1d 0.08 s.d. po sol 12 0.09 0.11 0.83 0.01 0.01 1.00 OHQ tr Maeda 2011 [30]

1d 0.83 s.d. po sol 12 1.25 1.38 0.90 0.19 0.14 1.35 OHQ tr Maeda 2011 [30]
10d 8.29 s.d. po sol 12 27.66 21.42 1.29 5.19 2.58 2.01 OHQ tr Maeda 2011 [30]

100d 82.87 s.d. po sol 12 379.09 393.81 0.96 59.94 56.77 1.06 OHQ tr Maeda 2011 [30]
200d 165.7 s.d. po cap 24 948.78 1074.81 0.88 82.29 98.72 0.83 OHQ tr Andreasen 2007 [32]
200d 165.7 s.d. po tab 24 898.21 862.40 1.04 85.22 87.51 0.97 OHQ te Damkier 1999 [33]
200d 165.7 s.d. po tab 24 898.21 878.23 1.02 85.22 91.91 0.93 OHQ te Damkier 1999a [34]
400d 331.5 s.d. po tab 48 2385.10 3397.45 0.70 157.86 225.59 0.70 OHQ te Ching 1991 [39]

Mean OHQ GMFE training dataset (range): 1.15 (1.04 – 1.29), 5/5 with GMFE ≤ 2 1.32 (1.00 – 2.01), 4/5 with GMFE ≤ 2
Mean OHQ GMFE test dataset (range): 1.16 (1.02 – 1.42), 3/3 with GMFE ≤ 2 1.18 (1.03 – 1.43), 3/3 with GMFE ≤ 2
Overall OHQ GMFE (range): 1.16 (1.02 – 1.42), 8/8 with GMFE ≤ 2 1.27 (1.00 – 2.07), 7/8 with GMFE ≤ 2
Mean GMFE training dataset (range): 1.20 (1.03 – 1.43), 17/17 with GMFE ≤ 2 1.32 (1.00 – 2.01), 12/13 with GMFE ≤ 2
Mean GMFE test dataset (range): 1.25 (1.00 – 2.28), 35/36 with GMFE ≤ 2 1.30 (1.00 – 2.29), 33/36 with GMFE ≤ 2
Overall GMFE (range): 1.23 (1.00 – 2.28), 52/53 with GMFE ≤ 2 1.31 (1.00 – 2.29), 45/49 with GMFE ≤ 2
AUClast: area under the plasma concentration-time curve calculated between the first and last concentration measurement, cap: capsule, Cmax: maximum plasma concentration, GMFE: geometric mean fold error, inf: infusion, iv:
intravenous, obs: observed, OHQ: 3-hydroxyquinidine, po: oral, q.i.d.: four times daily, QUB: quinidine unbound, QUI: quinidine, s.d.: single dose, tab: tablet, te: test dataset, t.i.d.: three times daily, tlast: time of the last concentration
measurement, tr: training dataset, -: not available. Respective doses of quinidine base were calculated and incorporated in simulations. a Quinidine gluconate dose. b Low-salt diet. c High-salt diet. d Quinidine sulfate dose.
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S2.9 Geometric mean fold errors of predicted Vd and half-life values

Table S8: Predicted and observed quinidine Vd values

Quinidine administration Vd

Dose salt [mg] Dose base [mg] Route Pred [L/kg] Obs [L/kg] Pred/Obs Molecule Dataset Reference

Quinidine
260.3a 162.2 s.d. iv 60 min inf 3.03 2.27 1.33 QUI te Fremstad 1979 [22]

6/kga 3.74/kg s.d. iv 25 min inf 2.72 2.04 1.33 QUI te Guentert 1979 [25]
6/kga 3.74/kg s.d. iv 25 min inf 2.44 1.6 1.39 QUI te Guentert 1979 [25]
6/kga 3.74/kg s.d. iv 25 min inf 2.46 1.27 1.94 QUI te Guentert 1979 [25]

6.42/kga 4.00/kg s.d. iv 20 min inf 2.36b 2.85b 0.83 QUI te Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf 2.20b 2.18b 1.01 QUI te Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf 2.44b 2.70b 0.91 QUI te Shin 2007 [27]
6.42/kga 4.00/kg s.d. iv 20 min inf 2.36b 2.66b 0.89 QUI te Shin 2007 [27]

481.4a 300 s.d. iv 15 min inf 2.65 1.84 1.44 QUI tr Ochs 1980 [28]
481.4a 300 s.d. iv 15 min inf 2.97 2.55 1.16 QUI tr Ochs 1980 [28]
520.6a 324.4 s.d. iv 60 min inf 2.64 2.27 1.16 QUI te Fremstad 1979 [22]

Mean QUI GMFE training dataset (range): 1.30 (1.16 – 1.44), 2/2 with GMFE ≤ 2
Mean QUI GMFE test dataset (range): 1.27 (1.01 – 1.94), 9/9 with GMFE ≤ 2
Overall QUI GMFE (range): 1.27 (1.01 – 1.94), 11/11 with GMFE ≤ 2
GMFE: geometric mean fold error, inf: infusion, iv: intravenous, obs: observed, pred: predicted, QUI: quinidine, s.d.: single dose, te: test dataset, tr: training
dataset, Vd: apparent volume of distribution. Respective doses of quinidine base were calculated and incorporated in simulations. a Quinidine gluconate
dose. b volume of distribution at steady state (Vss).

29



Table S9: Predicted and observed quinidine half-life values

Quinidine administration Half-life

Dose salt [mg] Dose base [mg] Route Pred [h] Obs [h] Pred/Obs Molecule Dataset Reference

Quinidine
260.3a 162.2 s.d. iv 60 min inf 6.84 6.42 1.07 QUI te Fremstad 1979 [22]

300a 187.5 s.d. iv 30 min inf 6.92 10.20 0.68 QUI te Darbar 1997b [24]
300a 187.5 s.d. iv 30 min inf 7.11 9.67 0.74 QUI te Darbar 1997c [24]

481.4a 300 s.d. iv 15 min inf 8.04 7.52 1.07 QUI tr Ochs 1980 [28]
481.4a 300 s.d. iv 15 min inf 7.10 7.88 0.90 QUI tr Ochs 1980 [28]
520.6a 324.4 s.d. iv 60 min inf 6.80 6.42 1.06 QUI te Fremstad 1979 [22]

0.1d 0.08 s.d. po sol 7.29 5.07 1.44 QUI tr Maeda 2011 [30]
1d 0.83 s.d. po sol 6.82 5.73 1.19 QUI tr Maeda 2011 [30]

10d 8.29 s.d. po sol 5.79 5.24 1.10 QUI tr Maeda 2011 [30]
100d 82.87 s.d. po sol 6.06 5.59 1.08 QUI tr Maeda 2011 [30]
100d 82.87 s.d. po tab 11.38 7.40 1.54 QUI te Kaukonen 1997 [31]
200d 165.7 s.d. po cap 7.92 6.88 1.15 QUI tr Andreasen 2007 [32]
200d 165.7 s.d. po tab 8.03 7.90 1.02 QUI te Damkier 1999 [33]
200d 165.7 s.d. po tab 8.03 8.10 0.99 QUI te Damkier 1999a [34]
200d 165.7 s.d. po tab 8.19 6.80 1.20 QUI te Laganière 1996 [35]
200d 165.7 s.d. po sol 8.23 5.68 1.45 QUI te Mason 1976 [36]
200d 165.7 s.d. po cap 8.84 5.74 1.54 QUI te Mason 1976 [36]
200d 165.7 s.d. po tab 8.84 7.35 1.20 QUI te Mason 1976 [36]
250d 207.2 s.d. po cap 6.67 7.00 0.95 QUI te Rao 1995 [37]
400d 331.5 s.d. po tab 7.51 7.90 0.95 QUI te Bleske 1990 [38]
400d 331.5 s.d. po tab 8.71 7.91 1.10 QUI te Ching 1991 [39]
400d 331.5 s.d. po tab 8.72 6.90 1.26 QUI te Edwards 1987 [40]
400d 331.5 s.d. po tab 10.14 5.80 1.75 QUI te Hardy 1983 [41]
400d 331.5 s.d. po tab 9.61 14.91 0.64 QUI te Kolb 1984 [42]
400d 331.5 s.d. po tab 6.38 6.10 1.05 QUI te Ochs 1978 [43]
400d 331.5 s.d. po tab 8.09 5.36 1.51 QUI tr Strum 1977 (A) [44]
400d 331.5 s.d. po tab 8.09 5.36 1.51 QUI tr Strum 1977 (B) [44]
400d 331.5 s.d. po tab 8.09 5.36 1.51 QUI te Strum 1977 (C) [44]
400d 331.5 s.d. po tab 8.09 5.36 1.51 QUI te Strum 1977 (D) [44]
600d 497.2 s.d. po tab 7.08 7.93 0.89 QUI te Darbar 1997b [24]
600d 497.2 s.d. po tab 7.41 8.12 0.91 QUI te Darbar 1997c [24]
600d 497.2 s.d. po tab 7.32 7.87 0.93 QUI te Frigo 1977 [45]

Mean QUI GMFE training dataset (range): 1.23 (1.07 – 1.51), 9/9 with GMFE ≤ 2
Mean QUI GMFE test dataset (range): 1.24 (1.01 – 1.75), 23/23 with GMFE ≤ 2
Overall QUI GMFE (range): 1.24 (1.01 – 1.75), 32/32 with GMFE ≤ 2
cap: capsule, GMFE: geometric mean fold error, inf: infusion, iv: intravenous, obs: observed, po: oral, pred: predicted, q.i.d.: four times daily, QUI: quinidine,
s.d.: single dose, tab: tablet, te: test dataset, t.i.d.: three times daily, tr: training dataset. Respective doses of quinidine base were calculated and incorporated
in simulations. a Quinidine gluconate dose. b Low-salt diet. c High-salt diet. d Quinidine sulfate dose.
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S2.10 Sensitivity Analyses

Sensitivity of the quinidine and 3-hydroxyquinidine models to single model parameters was calculated, determined
as relative change of AUC0-6h at steady state in a four-times daily regimen of 200 mg (first dose 400 mg) quinidine
(sulfate) according to Equation S2. A relative perturbation of 1000% (variation range 10.0, maximum number of 2 steps)
was applied. Parameters were included into the analysis if (i) they have been optimized, (ii) they are associated with
optimized parameters or (iii) they could have a strong impact due to their use in the calculation of permeabilities or
partition coefficients (Table S10).

S =
∆AUC
AUC

· p
∆p

(S2)

S = sensitivity of the AUC to the examined model parameter, ∆AUC = change of the AUC, AUC = simulated AUC
with the original parameter value, ∆p = change of the examined parameter value and p = original parameter value.
Parameters were considered sensitive, if their sensitivity value was equal or greater than 0.5.

Table S10: Parameters evaluated during quinidine and 3-hydroxyquinidine sensitivity analyses

Quinidine 3-Hydoxyquinidine

Parameter Value Source Value Source
Solubility (pH 7.0) [g/L] 11.11 Literature 12.57 Literature
Lipophilicity 2.51 Literature 1.66 Literature
fu,p [%] 21 Literature 31 Literature
P-gp KM [µmol/L] 0.23 Literature - -
P-gp kcat [1/min] 0.77 Optimized - -
CYP3A4 (QUI → OHQ) KM [µmol/L] 51.8 Literature - -
CYP3A4 (QUI → OHQ) kcat [1/min] 2.21 Optimized - -
CYP3A4 (QUI → sink) KM [µmol/L] 65.03 Literature - -
CYP3A4 (QUI → sink) kcat [1/min] 3.84 Optimized - -
CYP3A4 CL [1/min] - - 0.08 Optimized
CLhep [1/min] - - 0.45 Optimized
P-gp Ki [µmol/L] 0.10 Literature - -
Intestinal permeability [cm/min] 6.47 · 10-6 Optimized - -
Weibull dissolution time (50% dissolved) [min] 8.76 Literature - -
Weibull dissolution shape 0.42 Literature - -
CL: clearance, CLhep: hepatic metabolic clearance, CYP: cytochrome P450, fu,p: fraction unbound
plasma, kcat: catalytic or transport rate constant, Ki: concentration for 50% inhibition (competitive),
KM: Michaelis-Menten constant, OHQ: 3-hydroxyquinidine, P-gp: P-glycoprotein, QUI: quinidine,
-: not available.
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Figure S17: Local sensitivity analysis results of the quinidine PBPK model (parent quinidine), determined as relative
change of AUC0-6h at steady state in a four-times daily regimen of 200 mg (first dose 400 mg) quinidine (sulfate). CYP:
cytochrome P450, kcat: catalytic or transport rate constant, KM: Michaelis-Menten constant, lit.: literature value, OHQ:
3-hydroxyquinidine, opt.: optimized, P-gp: P-glycoprotein, QUI: quinidine.
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Figure S18: Local sensitivity analysis results of the quinidine PBPK model (metabolite 3-hydroxyquinidine), determined as
relative change of AUC0-6h at steady state in a four-times daily regimen of 200 mg (first dose 400 mg) quinidine (sulfate).
CL: clearance, CLhep: hepatic metabolic clearance, CYP: cytochrome P450, kcat: catalytic or transport rate constant, KM:
Michaelis-Menten constant, lit.: literature value, OHQ: 3-hydroxyquinidine, opt.: optimized, P-gp: P-glycoprotein, QUI:
quinidine.
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S3 DD(G)I Modeling

S3.1 Types of Interaction

S3.1.1 Competitive inhibition

KM,app = KM ∗ (1+ [I]
Ki

) (S3)

v =
vmax ∗ [S]

KM,app +[S]
=

kcat ∗ [E]∗ [S]
KM,app +[S]

(S4)

KM,app = Michaelis-Menten constant in the presence of inhibitor, KM = Michaelis-Menten constant, [I] = free inhibitor
concentration, Ki = dissociation constant of the inhibitor-enzyme/transporter complex, v = reaction velocity, [S] = free
substrate concentration, kcat = catalytic or transport rate constant and [E] = enzyme concentration.

S3.1.2 Non-competitive inhibition

vmax,app =
vmax

1+ [I]
Ki

(S5)

v =
vmax,app · [S]

KM +[S]
(S6)

vmax,app = maximum reaction velocity in the presence of inhibitor, vmax = maximum reaction velocity, [I] = free inhibitor
concentration, Ki = dissociation constant of the inhibitor-enzyme/transporter complex, v = reaction velocity, [S] = free
substrate concentration and KM = Michaelis-Menten constant.

S3.1.3 Mechanism-based inactivation

d[E]
dt

= kdeg ∗E0 −
kdeg + kinact ∗ [I]

KI +[I]
∗ [E] (S7)

d[E]
dt = enzyme turnover, kdeg = degradation rate constant, E0 = enzyme concentration at time 0, [I] = free mechanism-

based inactivator concentration, kinact = maximum inactivation rate constant, KI = concentration for half-maximal
inactivation and [E] = enzyme concentration.

S3.1.4 Induction

d[E]
dt

= kdeg ∗E0 ∗
1+(Emax ∗ [Ind])

EC50+[Ind]
(S8)

d[E]
dt = enzyme turnover, kdeg = degradation rate constant, E0 = enzyme concentration at time 0, Emax = maximal induction

effect in vivo, [Ind] = free inducer concentration and EC50 = concentration for half maximal induction in vivo.
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S3.2 Published PBPK DDI models

Table S11: Published perpetrator models and included relevant interaction constants

Model (PK-Sim® Version) Mechanism Parameter Value Publication Model repository

Carbamazepine (V11) Fuhr et al. 2021 [65] Carbamazepine-Model (OSP, v1.0)a

Carbamazepine Induction CYP3A4 Emax 6.00
Induction CYP3A4 EC50 [µmol/L] 20.00

Carbamazepine-10,11-epoxide - - -

Cimetidine (V11) Hanke et al. 2020 [66] Cimetidine-Model (OSP, v1.1)a

Cimetidine Competitive inhibition CYP3A4 Ki [µmol/L] 268.00

Fluvoxamine (V11) Britz et al. 2019 [67] Fluvoxamine-Model (OSP, v1.2)a

Fluvoxamine Competitive inhibition CYP3A4 Ki [µmol/L] 1.60

Itraconazole (V11) Hanke et al. 2018 [17] Itraconazole-Model (OSP, v1.3)a

Itraconazole Competitive inhibition CYP3A4 Ki [nmol/L] 1.30
Competitive inhibition P-gp Ki [nmol/L] 8.00

Hydroxy-itraconazole Competitive inhibition CYP3A4 Ki [nmol/L] 14.40
Keto-itraconazole Competitive inhibition CYP3A4 Ki [nmol/L] 5.12
N-Desalkyl-itraconazole Competitive inhibition CYP3A4 Ki [nmol/L] 0.32

Omeprazole (V11) Kanacher et al. 2020 [20] Omeprazole-Model (OSP, v1.1)a

R-Omeprazole Competitive inhibiton CYP3A4 Ki [µmol/L] 44.50 [68]
S-Omeprazole Competitive inhibiton CYP3A4 Ki [µmol/L] 46.60 [68]

Rifampicin (V11) Hanke et al. 2018 [17] Rifampicin-Model (OSP, v1.2)a

Rifampicin Induction CYP3A4 Emax 9.00
Induction CYP3A4 EC50 [µmol/L] 0.34
Competitive inhibition CYP3A4 Ki [µmol/L] 18.50
Induction P-gp Emax 2.50
Induction P-gp EC50 [µmol/L] 0.34
Competitive inhibition P-gp Ki [µmol/L] 169.00

Verapamil (V11) Hanke et al. 2020a [69] Verapamil-Norverapamil-Model
R-Verapamil Mechanism-based inactivation CYP3A4 KI 27.63

Mechanism-based inactivation CYP3A4 kinact [µmol/L] 0.038
Non-competitive inhibition P-gp Ki [µmol/L] 0.038

S-Verapamil Mechanism-based inactivation CYP3A4 KI 3.85
Mechanism-based inactivation CYP3A4 kinact [µmol/L] 0.034
Non-competitive inhibition P-gp Ki [µmol/L] 0.038

R-Norverapamil Mechanism-based inactivation CYP3A4 KI 6.10
Mechanism-based inactivation CYP3A4 kinact [µmol/L] 0.048
Non-competitive inhibition P-gp Ki [µmol/L] 0.038

CYP: cytochrome P450, EC50: concentration for half maximal induction, Emax: maximal induction effect, Ki: dissociation constant of the inhibitor-enzyme/transporter (competitive)
and inhibitor-enzyme/transporter(-substrate) complex (non-competitive), KI: concentration for 50% inactivation (mechanism-based inactivation), kinact: maximum inactivation rate
(mechanism-based inactivation), OSP: Open Systems Pharmacology, P-gp: P-glycoprotein. If not otherwise indicated, interaction constants were adopted from the respective
published models. Hyperlinks refer to the respective model repositories. a Open Systems Pharmacology model repository (https://github.com/Open-Systems-Pharmacology).
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Table S11: (continued)

Model (PK-Sim® Version) Mechanism Parameter Value Publication Model repository
S-Norverapamil Mechanism-based inactivation CYP3A4 KI 2.90

Mechanism-based inactivation CYP3A4 kinact [µmol/L] 0.080
Non-competitive inhibition P-gp Ki [µmol/L] 0.038

CYP: cytochrome P450, EC50: concentration for half maximal induction, Emax: maximal induction effect, Ki: dissociation constant of the inhibitor-enzyme/transporter (competitive)
and inhibitor-enzyme/transporter(-substrate) complex (non-competitive), KI: concentration for 50% inactivation (mechanism-based inactivation), kinact: maximum inactivation rate
(mechanism-based inactivation), OSP: Open Systems Pharmacology, P-gp: P-glycoprotein. If not otherwise indicated, interaction constants were adopted from the respective
published models. Hyperlinks refer to the respective model repositories. a Open Systems Pharmacology model repository (https://github.com/Open-Systems-Pharmacology).

35

https://github.com/Open-Systems-Pharmacology


Table S12: Published victim models and affected metabolism and transport pathways

Model (PK-Sim® Version) Mechanism Parameter Value Publication Model repository

Dextromethorphan (V11) Rüdesheim et al. 2022 [70] Dextromethorphan-Model
Dextromethorphan Metabolism to DXT CYP2D6 KM [µmol/L] 4.65

Metabolism to DXT CYP2D6 kkat [1/min] (NM) 90.89
Metabolism to DXT CYP2D6 kkat [1/min] (PM) 0.00

Dextrorphan - - -
Dextrorphan-O-glucuronide - - -

Digoxin (V11) Hanke et al. 2018 [17] Digoxin-Model (OSP)a

Digoxin Transport P-gp KM [µmol/L] 177.00
Transport P-gp kcat [1/min] 71.20

Metoprolol (V11) Rüdesheim et al. 2020 [71] Metoprolol-Model
R-Metoprolol Metabolism to αHM CYP2D6 KM [µmol/L] 10.08

Metabolism to αHM CYP2D6 kcat [1/min] (NM) 6.02
Metabolism to αHM CYP2D6 kcat [1/min] (PM) 0.00
Metabolism (ODM) CYP2D6 KM [µmol/L] 8.82
Metabolism (ODM) CYP2D6 kcat [1/min] (NM) 9.87
Metabolism (ODM) CYP2D6 kcat [1/min] (PM) 0.00

S-Metoprolol Metabolism to αHM CYP2D6 KM [µmol/L] 10.75
Metabolism to αHM CYP2D6 kcat [1/min] (NM) 6.55
Metabolism to αHM CYP2D6 kcat [1/min] (PM) 0.00
Metabolism (ODM) CYP2D6 KM [µmol/L] 12.43
Metabolism (ODM) CYP2D6 kcat [1/min] (NM) 8.21
Metabolism (ODM) CYP2D6 kcat [1/min] (PM) 0.00

α-Hydroxymetoprolol - - -

Mexiletine (V11) Kanacher et al. 2020 [20] Mexiletine-Model (OSP, v1.1)a

Mexiletine Metabolism CYP2D6 clearance [1/min] 0.46

Paroxetine (V11) Rüdesheim et al. 2022 [72] Paroxetine-Model
Paroxetine Metabolism CYP2D6 KM [µmol/L] 0.03

Metabolism CYP2D6 kcat [1/min] (NM) 1.37
αHM: α-hydroxymetoprolol, CYP: cytochrome P450, DXT: dextrorphan, NM: normal metabolizer, ODM: O-demethylation OSP: Open Systems Pharmacology,
P-gp: P-glycoprotein, PM: poor metabolizer. Interaction constants were adopted from the respective published models. Hyperlinks refer to the respective model
repositories. a Open Systems Pharmacology model repository (https://github.com/Open-Systems-Pharmacology).
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S3.3 DD(G)I – Clinical studies

S3.3.1 Quinidine as victim

Table S13: Clinical study data used for DDI model development with quinidine as victim

Drug administration Perpetrator

Perpetrator Quinidine Cmax,u [µmol/L]a n Populationb Fem. [%] Age [years] Weight [kg] BMI [kg/m²] Molecule Dataset Reference

Carbamazepine
200/400 mg b.i.d. po 200 mgc s.d. po 13.88 10 European [21] 0 (21-26) (62-85) (19-26) QUI, OHQ tr Andreasen 2007 [32]

Cimetidine
300 mg q.d. po 400 mgc s.d. po 3.58 9 American [23] 0 (21-35) - - QUI te Kolb 1984 [42]
300 mg q.i.d. po 400 mgc s.d. po 4.52 9 American [23] 0 (21-35) - - QUI te Hardy 1983 [41]

Fluvoxamine
100 mg q.d. po 200 mgc s.d. po 0.06 6 American [23] 0 - - - QUI, OHQ te Damkier 1999a [34]

Itraconazole
200 mg q.d. po 100 mgc s.d. po 3.20 · 10-3 9 European [21] 56 25 (21-32) 64 (41-80) - QUI te Kaukonen 1997 [31]

Omeprazole
40 mg q.d. po 400 mgc s.d. po 0.02 (R-omep) 8 European [21] 0 (22-29) (60-94) - QUI, OHQ te Ching 1991 [39]

0.03 (S-omep) -

Rifampicin
600 mg q.d. po 200 mgc s.d. po 2.13 6 European [21] 0 - - - QUI, OHQ te Damkier 1999 [33]

Verapamil
80 mg t.i.d. po 400 mgc s.d. po 0.01 (R-vera) 6 European [21] 0 (23-34) - - QUI te Edwards 1987 [40]

8.69 · 10-3 (S-vera)
120 mg t.i.d. po 400 mgc s.d. po 0.03 (R-vera) 6 European [21] 0 (23-34) - - QUI te Edwards 1987 [40]

0.02 (S-vera)

b.i.d.: twice daily, BMI: body mass index, cap: capsule, Cmax,u: unbound maximum plasma concentration, DDI: drug-drug interaction, fem: females, inf: infusion, n: number of study participants, OHQ:
3-hydroxyquinidine, omep: omeprazole, po: oral, q.d.: once daily, q.i.d.: four times daily, QUI: quinidine, s.d: single dose, te: test dataset, t.i.d.: three times daily, tr: training dataset, vera: verapamil, -: not available.
Values are given as mean (range). If perpetrator and victim drugs were applied in form of salts, the respective dose of bases were calculated and incorporated in simulations. a Calculated from model-predicted
perpetrator concentrations in the respective DDI simulations. b Population used in simulations. c Quinidine sulfate dose.
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S3.3.2 Quinidine as perpetrator

Table S14: Clinical study data used for DD(G)I model development with quinidine as perpetrator

Drug administration Quinidine

Quinidine Victim Cmax,u [µmol/L]a n Populationb Fem. [%] Age [years] Weight [kg] BMI [kg/m²] Phenotype Molecule Dataset Reference

Dextromethorphan
50 mgc s.d. po 30 mg s.d. pod 0.09 6 European [21] 33.3 22.4 (20-26) 70 (49-86) - CYP2D6 NM DEX, DTT te Capon 1996 [73]
100 mgc s.d. po 30 mg s.d. po 0.20 5 American [23] 80 26.4 (22-31) - - CYP2D6 NM DEX, DXT, DXG te Schadel 1995 [74]
30 mgc b.i.d. poe 30 mg b.i.d. pof 0.07 13 American [23] 14.3 33.5 (23-50) 73.3 25.1 CYP2D6 NM DEX te Schoedel 2012 [75]

Digoxin
200 mgc b.i.d. po 10 µg/kg s.d. ivg 0.52 6 European [21] 33 (21-28) - - - DIG te Steiness 1980 [76]
200 mgc q.i.d. po 1 mg s.d. iv 1.01 7 European [21] - - - - - DIG te Ochs 1981 [77]

Metoprolol
50 mgc s.d. po 20 mg s.d. iv 0.08 4 European [21] 0 (22-34) (58-80) - CYP2D6 NM MET te Leemann 1993 [78]
50 mgc s.d. po 20 mg s.d. ivh 0.08 3 European [21] 0 (25-38) (65-86) - CYP2D6 PM MET te Leemann 1993 [78]
250 mgc b.i.d. po 20 mg s.d. iv 0.81 4 European [21] 0 (22-34) (58-80) - CYP2D6 NM MET te Leemann 1993 [78]
250 mgc b.i.d. po 20 mg s.d. ivh 0.81 3 European [21] 0 (25-38) (65-86) - CYP2D6 PM MET te Leemann 1993 [78]
100 mgc q.d. po 200 mg s.d. po 0.20 10 American [23] 0 28.9 (24-40) 85.2 - CYP2D6 NM RME, SME te Johnson 1996 [79]
100 mgc q.d. po 200 mg s.d. po 0.20 10 American [23] 0 28.5 (24-36) 82.2 - CYP2D6 NM RME, SME te Johnson 1996 [79]

Mexiletine
50 mgc q.i.d. po 200 mg s.d. po 0.21 6 American [23] 33.3 22.4 (20-26) 71 (49-86) - CYP2D6 NM MEX te Abolfathi 1993 [80]
50 mgc q.i.d. po 200 mg s.d. po 0.21 10 American [23] 7 26 74 - CYP2D6 PM MEX te Abolfathi 1993 [80]

Paroxetine
30 mgc b.i.d. po 20 mg q.d. poi 0.07 14 American [23] 14.3 33.6 (19-55) 75.3 25.3 CYP2D6 NM PAR te Schoedel 2012 [75]

b.i.d.: twice daily, BMI: body mass index, Cmax,u: unbound maximum plasma concentration, DD(G)I: drug-drug(-gene) interaction, DEX: dextromethorphan, DIG: digoxin, DTT: total dextrorphan, DXG: dextrorphan-O-glucuronide, fem:
females, iv: intravenous, MET: metoprolol (racemate), MEX: mexiletine, n: number of study participants, NM: normal metabolizer, PAR: paroxetine, PM: poor metabolizer, po: oral, q.d.: once daily, q.i.d:, four times daily, RME: R-metoprolol,
s.d.: single dose, SME: S-metoprolol, te: test dataset, -: not available. Values are given as mean (range). If perpetrator and victim drugs were applied in form of salts, the respective doses of bases were calculated and incorporated in
simulations. a Calculated from model-predicted quinidine concentrations in the respective DDI simulations. b Population used in simulations. c Quinidine sulfate dose. d CYP2D6 catalytic rate constant estimated for control to account for
unexplained interindividual variability in CYP2D6 activity (57% of original model value). e Plus paroxetine (20 mg q.d. po). f CYP2D6 catalytic rate constant estimated for control to account for unexplained interindividual variability in
CYP2D6 activity (26% of original model value). g Digoxin dose of 15 µg/kg before DDI, normalized to 15 µg/kg for evaluation. h CYP2D6 catalytic rate constant estimated for control to account for unexplained interindividual variability in
CYP2D6 activity (300% for sink metabolism and 200% for formation of α-hydroxymetoprolol of original model value). i Plus dextromethorphan (30 mg b.i.d. po).
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S3.4 Plasma concentration-time profiles (semilogarithmic representation)

S3.4.1 Quinidine as victim
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Figure S19: Predicted compared to observed plasma concentration-time profiles of quinidine alone and after pretreatment
and/or concomitant administration of (a) carbamazepine, (b–c) cimetidine, (d) fluvoxamine, (e) itraconazole, (f) R-/S-
omeprazole, (g) rifampicin and (h–i) R-/S-verapamil (semilogarithmic representation). Population predicted geometric
means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and observed
data are shown as dots (control) and squares (DDI) (± standard deviation, if reported). b.i.d.: twice daily, DDI: drug-drug
interaction, n: number of study participants, po: oral, q.d.: once daily, q.i.d.: four times daily, s.d.: single dose, t.i.d.: three
times daily.
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Figure S20: Predicted compared to observed plasma concentration-time profiles of 3-hydroxyquinidine alone and after
pretreatment and/or concomitant administration of (a) carbamazepine, (b) fluvoxamine, (c) R-/S-omeprazole and (d)
rifampicin (semilogarithmic representation). Population predicted geometric means are shown as lines, corresponding
geometric standard deviations are shown as shaded areas and observed data are shown as dots (control) and squares
(DDI). DDI: drug-drug interaction, n: number of study participants.
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S3.4.2 Quinidine as perpetrator
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Figure S21: Predicted compared to observed plasma concentration-time profiles of (a–c) dextromethorphan (+ metabo-
lites), (d–e) digoxin and (f–i) metoprolol alone and after pretreatment with and/or concomitant administration of quinidine
(semilogarithmic representation). Population predicted geometric means are shown as lines, corresponding geometric
standard deviations are shown as shaded areas and observed data are shown as dots (control) and squares (DDI)
(± standard deviation, if reported). b.i.d.: twice daily, DDI: drug-drug interaction, DDGI: drug-drug-gene interaction, iv:
intravenous, n: number of study participants, NM: CYP2D6 normal metabolizer, norm: dose-normalized, PM: CYP2D6
poor metabolizer, po: oral, q.i.d.: four times daily, s.d.: single dose.
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Figure S22: Predicted compared to observed plasma concentration-time profiles of (a–b) R-/S- metoprolol (comparison
of different ethnic backgrounds), (c–d) mexiletine (observed data of representative subjects) and (e) paroxetine alone
and after pretreatment with and/or concomitant administration of quinidine (semilogarithmic representation). Population
predicted geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded
areas and observed data are shown as dots(control) and squares (DDI). b.i.d.: twice daily, DDI: drug-drug interaction,
DDGI: drug-drug-gene interaction, n: number of study participants, NM: CYP2D6 normal metabolizer, PM: CYP2D6 poor
metabolizer, po: oral, q.d.: once daily, q.i.d.: four times daily.
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S3.5 Amount excreted unchnaged in urine profiles (semilogarithmic representation)

S3.5.1 Quinidine as victim

(a)

Cimetidine−Quinidine DDI

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [µ

m
ol

]

10
−

1
10

0
10

1
10

2
10

3

0 12 24 36 48

Quinidine (+ cimetidine 300 mg q.i.d. po)
Quinidine (400 mg s.d. po)
n = 6 − Hardy 1983

(b)

Itraconazole−Quinidine DDI

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [µ

m
ol

]

10
−

1
10

0
10

1
10

2

0 6 12 18 24

Quinidine (+ itraconazole, 200 mg q.d. po)
Quinidine (100 mg s.d. po)
n = 9 − Kaukonen 1997

(c)

Verapamil−Quinidine DDI

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [µ

m
ol

]

10
−

1
10

0
10

1
10

2
10

3
10

4

0 6 12 18 24

Quinidine (+ verapamil 80 mg t.i.d. po)
Quinidine (400 mg s.d. po)
n = 6 − Edwards 1987

(d)

Verapamil−Quinidine DDI

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [µ

m
ol

]

10
−

1
10

0
10

1
10

2
10

3
10

4

0 6 12 18 24

Quinidine (+ verapamil 120 mg t.i.d. po)
Quinidine (400 mg s.d. po)
n = 6 − Edwards 1987

Figure S23: Predicted compared to observed plasma amount excreted unchanged in urine profiles of quinidine alone
and after pretreatment and/or concomitant administration of (a) cimetidine, (b) itraconazole and (c–d) R-/S-verapamil
(semilogarithmic representation). Population predicted geometric means are shown as lines, corresponding geometric
standard deviations are shown as shaded areas and observed data are shown as dots (control) and squares (DDI). DDI:
drug-drug interaction, n: number of study participants, po: oral, q.d.: once daily, q.i.d.: four times daily, s.d.: single dose,
t.i.d.: three times daily.
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S3.6 Plasma concentration-time profiles (linear representation)

S3.6.1 Quinidine as victim
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Figure S24: Predicted compared to observed plasma concentration-time profiles of quinidine and 3-hydroxyquinidine
alone and after pretreatment and/or concomitant administration of (a) carbamazepine, (b–c) cimetidine, (d) fluvoxamine,
(e) itraconazole, (f) R-/S-omeprazole, (g) rifampicin and (h–i) R-/S-verapamil (linear representation). Population predicted
geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and
observed data are shown as dots (± standard deviation, if reported). b.i.d.: twice daily, DDI: drug-drug interaction, n:
number of study participants, po: oral, q.d.: once daily, q.i.d.: four times daily, s.d.: single dose, t.i.d.: three times daily.
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Figure S25: Predicted compared to observed plasma concentration-time profiles of 3-hydroxyquinidine alone and after
pretreatment and/or concomitant administration of (a) carbamazepine, (b) fluvoxamine, (c) R-/S-omeprazole and (d)
rifampicin (linear representation). Population predicted geometric means are shown as lines, corresponding geometric
standard deviations are shown as shaded areas and observed data are shown as dots (± standard deviation, if reported).
DDI: drug-drug interaction, n: number of study participants.
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S3.6.2 Quinidine as perpetrator
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Figure S26: Predicted compared to observed plasma concentration-time profiles of (a–c) dextromethorphan (+ metabo-
lites), (d–e) digoxin and (f–i) metoprolol alone and after pretreatment with and/or concomitant administration of quinidine
(linear representation). Population predicted geometric means are shown as lines, corresponding geometric standard
deviations are shown as shaded areas and observed data are shown as dots (± standard deviation, if reported). b.i.d.:
twice daily, DDI: drug-drug interaction, DDGI: drug-drug-gene interaction, iv: intravenous, n: number of study participants,
NM: CYP2D6 normal metabolizer, norm: dose-normalized, PM: CYP2D6 poor metabolizer, po: oral, q.i.d.: four times
daily, s.d.: single dose.
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Figure S27: Predicted compared to observed plasma concentration-time profiles of (a–b) R-/S- metoprolol (comparison
of different ethnic backgrounds), (c–d) mexiletine (observed data of representative subjects) and (e) paroxetine alone
and after pretreatment with and/or concomitant administration of quinidine (linear representation). Population predicted
geometric means are shown as lines, corresponding geometric standard deviations are shown as shaded areas and
observed data are shown as dots (± standard deviation, if reported). b.i.d.: twice daily, DDI: drug-drug interaction,
DDGI: drug-drug-gene interaction, n: number of study participants, NM: CYP2D6 normal metabolizer, PM: CYP2D6 poor
metabolizer, po: oral, q.d.: once daily, q.i.d.: four times daily.
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S3.7 Amount excreted unchnaged in urine profiles (linear representation)

S3.7.1 Quinidine as victim
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Figure S28: Predicted compared to observed plasma amount excreted unchanged in urine profiles of quinidine alone
and after pretreatment and/or concomitant administration of (a) cimetidine, (b) itraconazole and (c–d) R-/S-verapamil
(linear representation). Population predicted geometric means are shown as lines, corresponding geometric standard
deviations are shown as shaded areas and observed data are shown as dots (control) and squares (DDI). DDI: drug-drug
interaction, n: number of study participants, po: oral, q.d.: once daily, q.i.d.: four times daily, s.d.: single dose, t.i.d.: three
times daily.
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S3.8 DDI AUClast and Cmax ratios

S3.8.1 Quinidine as victim

(a) DDI AUClast ratio (b) DDI Cmax ratio

Figure S29: Goodness-of-fit plots comparing predicted and observed DDI AUClast and Cmax ratios. The solid line marks
the line of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation. Prediction success limits
proposed by Guest et al. [81] are shown as curved lines (including 20% variability). AUClast: area under the plasma
concentration-time curve calculated between the first and last concentration measurement, Cmax: maximum plasma
concentration, DDI: drug-drug interaction.
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S3.8.2 Quinidine as perpetrator

(a) DD(G)I AUClast ratio (b) DD(G)I Cmax ratio

Figure S30: Goodness-of-fit plots comparing predicted and observed DD(G)I AUClast and Cmax ratios. The solid line
marks the line of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation. Prediction success
limits proposed by Guest et al. [81] are shown as curved lines (including 20% variability). AUClast: area under the
plasma concentration-time curve calculated between first and last concentration measurement, Cmax: maximum plasma
concentration, DD(G)I: drug-drug(-gene) interaction. DEX: dextromethorphan, DXG: dextrorphan-O-glucuronide, DTT:
total dextrorphan, DIG: digoxin, MET: metoprolol, MEX: mexiletine, PAR: paroxetine, RME: R-metoprolol, SME: S-
metoprolol.
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S3.9 Geometric mean fold errors of predicted DD(G)I AUClast and Cmax ratios

S3.9.1 Quinidine as victim

Table S15: Predicted and observed DDI AUClast and Cmax ratios involving quinidine as victim drug

Drug administration DDI AUClast ratio DDI Cmax ratio

Perpetrator Quinidine tlast [h] Pred Obs Pred/Obs Pred Obs Pred/Obs Molecule Dataset Reference

Carbamazepine
200/400 mg b.i.d. po 200 mga s.d. po 24 0.43 0.41 1.07 0.57 0.50 1.14 QUI tr Andreasen 2007 [32]
200/400 mg b.i.d. po 200 mga s.d. po 24 0.77 0.90 0.86 1.24 1.48 0.83 OHQ tr Andreasen 2007 [32]

Mean GMFE (range): 1.11 (1.07 – 1.16), 2/2 with GMFE ≤ 2 1.17 (1.14 – 1.20), 2/2 with GMFE ≤ 2

Cimetidine
300 mg q.d. po 400 mga s.d. po 9 1.00 1.13 0.88 1.00 0.90 1.11 QUI te Kolb 1984 [42]
300 mg q.i.d. po 400 mga s.d. po 12 1.00 1.28 0.79 1.01 1.26 0.80 QUI te Hardy 1983 [41]

Mean GMFE (range): 1.20 (1.14 – 1.27), 2/2 with GMFE ≤ 2 1.18 (1.11 – 1.25), 2/2 with GMFE ≤ 2

Fluvoxamine
100 mg q.d. po 200 mga s.d. po 48 1.21 1.66 0.73 1.01 1.32 0.77 QUI te Damkier 1999a [34]
100 mg q.d. po 200 mga s.d. po 48 1.16 1.23 0.94 0.92 0.96 0.95 OHQ te Damkier 1999a [34]

Mean GMFE (range): 1.22 (1.06 – 1.38), 2/2 with GMFE ≤ 2 1.17 (1.05 – 1.30), 2/2 with GMFE ≤ 2

Itraconazole
200 mg q.d. po 100 mga s.d. po 24 1.71 1.95 0.88 1.41 1.61 0.88 QUI te Kaukonen 1997 [31]

Mean GMFE: 1.14, 1/1 with GMFE ≤ 2 1.14, 1/1 with GMFE ≤ 2

Omeprazole
40 mg q.d. po 400 mga s.d. po 48 1.04 1.15 0.90 0.99 1.12 0.89 QUI te Ching 1991 [39]
40 mg q.d. po 400 mga s.d. po 48 0.98 0.90 1.09 1.00 0.85 1.17 OHQ te Ching 1991 [39]

Mean GMFE (range): 1.10 (1.09 – 1.11), 2/2 with GMFE ≤ 2 1.15 (1.13 – 1.17), 2/2 with GMFE ≤ 2

Rifampicin
600 mg q.d. po 200 mga s.d. po 10 0.18 0.12 1.52 0.40 0.34 1.18 QUI te Damkier 1999 [33]
600 mg q.d. po 200 mga s.d. po 10 0.36 0.78 0.47 0.92 2.90 0.32 OHQ te Damkier 1999 [33]

Mean GMFE (range): 1.83 (1.52 – 2.13), 1/2 with GMFE ≤ 2 2.17 (1.18 – 3.15), 1/2 with GMFE ≤ 2

Verapamil
80 mg t.i.d. po 400 mga s.d. po 12 1.48 1.21 1.22 1.19 0.96 1.25 QUI te Edwards 1987 [40]
120 mg t.i.d. po 400 mga s.d. po 12 1.72 1.25 1.38 1.27 0.96 1.33 QUI te Edwards 1987 [40]

Mean GMFE (range): 1.34 (1.30 – 1.38), 2/2 with GMFE ≤ 2 1.31 (1.29 – 1.33), 2/2 with GMFE ≤ 2
Overall GMFE (range): 1.29 (1.06 – 2.19), 12/13 with GMFE ≤ 2 1.34 (1.05 – 3.15), 12/13 with GMFE ≤ 2
AUClast: area under the plasma concentration-time curve calculated between the first and last concentration measurement, b.i.d.: twice daily, Cmax: maximum plasma concentration, DDI: drug-drug
interaction, GMFE: geometric mean fold error, obs: observed, OHQ: 3-hydroxyquinidine, po: oral, pred: predicted, q.d.: once daily, QUI: quinidine, s.d.: single dose, te: test dataset, t.i.d.: three times
daily, tlast: time of the last concentration measurement, tr: training dataset. Respective doses of quinidine base were calculated and incorporated in simulations. a Quinidine sulfate dose.
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S3.9.2 Quinidine as perpetrator

Table S16: Predicted and observed DD(G)I AUClast and Cmax ratios involving quinidine as perpetrator drug

Drug administration DD(G)I AUClast ratio DD(G)I Cmax ratio

Quinidine Victim tlast [h] Pred Obs Pred/Obs Pred Obs Pred/Obs Phenotype Molecule Dataset Reference

Dextromethorphan
50 mga s.d. po 30 mg s.d. pob 72 3.12 6.84 0.46 2.38 6.07 0.39 CYP2D6 NM DEX te Capon 1996 [73]
50 mga s.d. po 30 mg s.d. po 96 1.19 0.99 1.20 0.41 0.24 1.69 CYP2D6 NM DTT te Capon 1996 [73]
100 mga s.d. po 30 mg s.d. po 48 1.16 0.61 1.92 0.41 0.13 3.11 CYP2D6 NM DXG te Schadel 1995 [74]
30 mga b.i.d. poc 30 mg b.i.d. pod 12 2.92 1.45 2.01 2.71 1.42 1.92 CYP2D6 NM DEX te Schoedel 2012 [75]

Mean GMFE (range): 1.83 (1.20 – 2.19), 2/4 with GMFE ≤ 2 2.32 (1.69 – 3.11), 2/4 with GMFE ≤ 2

Digoxin
200 mga q.i.d. po 10 µg/kg s.d. ive 80 1.62 1.44 1.12 - - - - DIG te Steiness 1980 [76]
200 mga q.i.d. po 1 mg s.d. iv 72 1.74 2.05 0.85 - - - - DIG te Ochs 1981 [77]

Mean GMFE (range): 1.15 (1.12 – 1.18), 2/2 with GMFE ≤ 2 -

Metoprolol
50 mga s.d. po 20 mg s.d. iv 8 1.22 2.00 0.61 1.04 1.35 0.77 CYP2D6 NM MET te Leemann 1993 [78]
50 mga s.d. po 20 mg s.d. ivf 8 1.14 0.95 1.20 1.02 0.98 1.04 CYP2D6 PM MET te Leemann 1993 [78]
250 mga b.i.d. po 20 mg s.d. iv 8 1.92 2.38 0.81 1.09 1.35 0.81 CYP2D6 NM MET te Leemann 1993 [78]
250 mga b.i.d. po 20 mg s.d. ivf 8 1.40 0.97 1.44 1.03 1.09 0.95 CYP2D6 PM MET te Leemann 1993 [78]
100 mga q.d. po 200 mg s.d. po 24 3.61 3.44 1.05 1.94 1.43 1.36 CYP2D6 NM RME te Johnson 1996 [79]
100 mga q.d. po 200 mg s.d. po 24 3.31 2.87 1.16 1.73 1.28 1.35 CYP2D6 NM SME te Johnson 1996 [79]
100 mga q.d. po 200 mg s.d. po 24 3.59 4.35 0.83 1.95 1.87 1.04 CYP2D6 NM RME te Johnson 1996 [79]
100 mga q.d. po 200 mg s.d. po 24 3.30 2.99 1.10 1.74 1.40 1.24 CYP2D6 NM SME te Johnson 1996 [79]

Mean GMFE (range): 1.24 (1.05 – 1.44), 8/8 with GMFE ≤ 2 1.20 (1.04 – 1.36), 8/8 with GMFE ≤ 2

Mexiletine
50 mga q.i.d. po 200 mg s.d. po 48 1.43 1.30 1.10 1.29 1.27 1.01 CYP2D6 NM MEX te Abolfathi 1993 [80]
50 mga q.i.d. po 200 mg s.d. po 48 1.04 0.85 1.23 1.13 0.79 1.42 CYP2D6 PM MEX te Abolfathi 1993 [80]

Mean GMFE (range): 1.17 (1.10 – 1.23), 2/2 with GMFE ≤ 2 1.22 (1.01 – 1.42), 2/2 with GMFE ≤ 2

Paroxetine
30 mga b.i.d. po 20 mg q.d. pog 24 1.04 1.29 0.81 1.04 1.14 0.91 CYP2D6 NM PAR te Schoedel 2012 [75]

Mean GMFE: 1.24, 1/1 with GMFE ≤ 2 1.10, 1/1 with GMFE ≤ 2
Overall GMFE (range): 1.36 (1.05 – 2.19), 15/17 with GMFE ≤ 2 1.49 (1.01 – 3.11), 13/15 with GMFE ≤ 2
AUClast: area under the plasma concentration-time curve calculated between the first and last concentration measurement, b.i.d.: twice daily, Cmax: maximum plasma concentration, DD(G)I: drug-drug(-gene) interaction,
DEX: dextromethorphan, DIG: digoxin, DTT: total dextrorphan, DXG: dextrorphan-O-glucuronide, GMFE: geometric mean fold error, iv: intravenous, MET: metoprolol (racemate), MEX: mexiletine, n: number of individuals
studied, NM: normal metabolizer, PM: poor metabolizer, PAR: paroxetine, po: oral, pred: predicted, q.d.: once daily, q.i.d:, four times daily, RME: R-metoprolol, s.d.: single dose, SME: S-metoprolol, te: test dataset, tlast:
time of the last concentration measurement. If perpetrator and victim drugs were applied in form of salts, the respective doses of bases were calculated and incorporated in simulations. a Quinidine sulfate dose. b

CYP2D6 catalytic rate constant estimated for control to account for unexplained interindividual variability in CYP2D6 activity (57% of original model value). c Plus paroxetine (20 mg q.d. po). d CYP2D6 catalytic rate
constant estimated for control to account for unexplained interindividual variability in CYP2D6 activity (26% of original model value). e Digoxin dose of 15 µg/kg before DDI, normalized to 15 µg/kg for evaluation. f CYP2D6
catalytic rate constant estimated for control to account for unexplained interindividual variability in CYP2D6 activity (300% for sink metabolism and 200% for formation of α-hydroxymetoprolol of original model value). g

Plus dextromethorphan (30 mg b.i.d. po).
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